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5 BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates generally to the testing of 
semiconductor devices and, more particularly, to the testing of 
chips within a multi-chip packaged semiconductor device. 

10 Related Art 

Semiconductor devices have continually evolved to provide 
improvements such as miniaturization, increased speed, reduced 
power consumption, and reduced cost. As an example, memory is 
an essential part of an electronic system because it stores 
15 information required by the system, such as computational 

instructions, preliminary calculation data, temporary data, and 
various other data. Current semiconductor or integrated 
circuit (IC) memory devices can store large amounts of data in 
relatively small packages. Exemplary IC memory devices include 
20 random access memory (RAM) devices such as static RAM (SRAM), 
dynamic RAM (DRAM) , non-volatile RAM (NVRAM) , and read only 
memory (ROM) devices such as programmable ROM (PROM) , erasable 
programmable ROM (EPROM) , electrically erasable programmable ROM 
(EEPROM) , and flash memory. 

25 Fig. 1 illustrates a conventional electronics system 100 

comprising a printed circuit (PC) board 102, a system IC 104, 
and a number of memory devices 106. PC board 102 may be a 
layered dielectric structure with internal and external wirinq 
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that allows system IC 104 and memory devices 106 to be 
mechanically supported and electrically connected internally to 
each other and to outside circuits and systems. Memory devices 
106 are discrete ICs such as four DRAM ICs of 512 kilobits (Kb) 
by 32 bits, which may be combined to provide 512 Kb by 128 bits. 
System IC 104 may comprise, for example, a microprocessor or an 
application specific integrated circuit (ASIC) that utilizes 
memory devices 106 to store information. Each of memory devices 
106 and system IC 104 may be separately packaged in a suitable 
package formed of polymer or ceramic and having a plurality of 
input/output (I/O) pins for connection to PC board 102. 



The arrangement of system 100 provides certain advantages, 
such as ready testing of system IC 104 and memory devices 106 
prior to their connection to PC board 102 and easy removal and 
15 replacement of faulty discrete components. However, system 100 
can be relatively large and may require more space than is 
available for many types of electronic devices such as cellular 
telephones, laptops, and personal digital assistants. 



Fig. 2 is a block diagram of a conventional multi-chip 
module (MCM) 200 that integrates a number of raw chips (i.e., 
the silicon containing the integrated circuit — also referred 
to as a "die" ) into a single semiconductor device. MCM 200 
comprises a system chip 2 02 and a number of memory chips 2 04 on 
a substrate 206. System chip 202 and memory chips 204 may 
25 correspond functionally to system IC 104 and memory devices 106, 
respectively, of Fig. 1, but are provided within a single, 
discrete package. Relative to system 100, MCM 200 provides 
certain advantages, such as a reduction in the amount of space 
required for implementation and an increase in processing speeds 
30 due to shorter leads between chips. 
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A multi-chip packaged semiconductor device may be viewed in 
terms of primary and secondary chips. A primary chip has direct 
access to external connectors of the multi-chip package and can 
communicate or convey information directly through these 
5 external connectors to components or devices external to the 

multi-chip package. For example, a primary chip may comprise an 
application specific integrated circuit (ASIC) controller or 
microprocessor that performs the main system functions of the 
multi-chip package. System chip 2 02 would also be an example of 
10 a primary chip. 

A secondary chip generally does not have direct access to 
external connectors and typically is utilized in concert with 
the primary chip to assist or enhance the primary chip's 
performance or functionality. For example, a secondary chip may 
15 comprise a memory subsystem, co-processor subsystem, analog 

subsystem, or other application-type specific subsystem. Memory 
chips 204 would also be an example of secondary chips. Thus, 
secondary chips generally are not able to "talk" or communicate 
directly through external connectors. 



semiconductor devices, such as MCM 200, is that it does not 
allow complete testing of the secondary chips once they are 
incorporated into the package. For example, in MCM 200, memory 
chips 204 are connected to system chip 202, with system chip 202 
25 connected to a number of I/O. pins 208 of MCM 200. No direct 

connections are available between memory chips 2 04 and external 
test equipment and, thus, a stringent final test of memory chips 
204 within MCM 200 is not possible. 



30 using known good die (KGB) technology. There are various levels 
of KGD technology for die testing. These levels range from 
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A drawback of conventional multi-chip packaged 



Typically, prior to packaging for an MCM, chips are tested 
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wafer level functional and parametric testing (i.e., wafer sort 
tests) to dynamic burn-in with full testing that continually 
tests the die while at high temperatures. The more a die is 
tested, the more likely an assembled MCM will function properly. 
5 However, even the most rigorous die testing prior to assembly 
will not guarantee that the assembled MCM will function as 
desired. For example, some chips may become damaged during 
assembly (i.e., after die testing) or the die connections may be 
faulty within the MCM. 

10 With regard to MCM 200, although is possible to test memory 

chips 204 by transferring data through other chips (e.g., system 
chip 202), this type of testing fails to detect all of the 
various types of memory failures. Specifically, external 
integrated .circuit test equipment does not have direct access to 

15 the secondary chips because there are no pin-outs or other 

direct connections, because secondary chips interface through 
the primary chips. Consequently, a number of MCM failures are 
the result of integrated circuit chips that have not been fully 
tested. Often, these failures are not discovered until after 

2 0 incorporation into an electronic device, which adds to the 
cumulative cost of the defective MCM, not only for the MCM 
manufacturer, but also for their customers whose products fail 
to function properly due to the defective MCM. Thus, for 
complete testing and for quality and reliability reasons, direct 

25 access to secondary chips is required. 

As a result, there is a clear need for a system and method 
to test one or more chips of a multi-chip semiconductor package 
after integration into the chip packaging (e.g., MCM packaging). 
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SUMMARY OF THE INVENTION 

The present invention provides a system and method that 
provides complete toting of one or more secondary chips within 
a multi-chip semiconductor device. 

5 In accordance with an embodiment of the present invention, 

a packaged semiconductor device comprises a plurality of 
external connectors, a system chip connected to at least a first 
group of external connectors, and a memory chip connected to the 
system chip through a data bus. The memory chip comprises a 

10 plurality of data buffers, for transferring data between the 
memory chip and the data bus, and at least one test buffer 
connected to at least a first group of the data buffers. One or 
more test buffers are connected to certain of the first group of 
external connectors to provide testing of the memory chip while 

15 contained within the packaged semiconductor device. 

In accordance with another embodiment of the present 
invention, a method of testing a memory within a packaged 
semiconductor device comprises providing a plurality of 
connectors on the packaged semiconductor device to connect to 

20 external components, system circuitry connected to a first group 
of the connectors, and memory circuitry connected to the system 
circuitry through a data bus. The memory circuitry further 
provides data buffers, for transferring data between the memory 
circuitry and the data bus, and at least one test buffer 

25 connected to a first group of the data buffers and connected to 
certain of the first group of external connectors to provide 
testing of the memory circuitry while contained within the 
packaged semiconductor device. 



30 



In accordance with another embodiment of the present 
invention, a semiconductor memory chip comprises a memory 
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storage array for storing data, data buffers for writing data to 
or reading data from the memory storage array, and one or more 
test buffers connected to one or more of the data buffers. The 
test buffers provide for testing of the memory chip when 
5 integrated into a semiconductor package. 

In accordance with another embodiment of the present 
invention, a packaged semiconductor device comprises a plurality 
of external connectors, a primary chip connected to at least a 
first group of the external connectors, and a secondary chip 

10 connected to the primary chip. The secondary chip comprises a 

plurality of signal drivers for transferring information between 
the secondary chip and the primary chip and at least one test 
signal driver connected to at least a first group of the signal 
drivers. The test signal driver is connected to certain of the 

15 first group of the external connectors to provide testing of the 
secondary chip while contained within the packaged semiconductor 
device . 

In accordance with another embodiment of the present 
invention, a method of testing a chip within a packaged 

2 0 semiconductor device comprises providing a plurality of 

connectors on the packaged semiconductor device to connect to 
external components, primary circuitry connected to at least a 
first group of the plurality of connectors, and secondary 
circuitry connected to the primary circuitry. The secondary 
25 circuitry provides signal drivers for transferring information 

between the secondary circuitry and the primary circuitry and at 
least one test signal driver connected to at least one of the 
signal drivers and to certain of the external connectors. The 
test signal driver provides testing of the secondary circuitry 

3 0 while contained within the packaged semiconductor device. 
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A more complete understanding of the system and method for 
testing a secondary chip within a multi-chip packaged 
semiconductor device will be afforded to those skilled in the 
art, as well as a realization of additional advantages thereof, 
by a consideration of the following detailed description of one 
or more embodiments. Reference will be made to the appended 
sheets of drawings that will first be described briefly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a conventional electronic 
system. 

Fig. 2 is a block diagram of a conventional multi-chip 
module. 

Fig. 3 is a block diagram illustrating a multi-chip module 
in accordance with an embodiment of the present invention. 

Fig. 4 is a block diagram illustrating a buffer 
configuration in accordance with an embodiment of the present 
invention. 

Fig. 5 is a schematic diagram, in partial block form, for 
an input/output buffer in accordance with an embodiment of the 
present invention. 

Fig. 6 is a schematic diagram for an output buffer in 
accordance with an embodiment of the present invention. 

Fig. 7 is a block diagram illustrating a test buffer in 
accordance with an embodiment of the present invention. 

Fig. 8 is a schematic diagram for a test buffer in 
accordance with an embodiment of the present invention. 
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Fig. 9 is a block diagram illustrating a multi-chip module 
in accordance with an embodiment of the present invention. 

Fig. 10 is a schematic diagram for a test buffer driver in 
accordance with an embodiment of the present invention. 

The preferred embodiments of the present invention and 
their advantages are best understood by referring to the 
detailed description that follows. It should be appreciated 
that like reference numerals are used to identify like elements 
illustrated in one or more of the figures. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a system and method for 
testing one or more secondary chips within a multi-chip packaged 
semiconductor device. The secondary chip may comprise any type 
of chip that lacks sufficient connections to external pins or 
terminals of the multi-chip package to allow complete testing of 
the secondary chip. For example, a secondary chip may comprise 
a memory subsystem, a co-processor subsystem/ an analog 
subsystem, or other application- type specific subsystem. A 
secondary chip comprised of a memory chip is selected as an 
exemplary application in accordance with an embodiment of the 
present invention and described in detail below. However, it 
should be understood that the principles of the present 
invention are applicable for other types of secondary chips 
within a semiconductor package and are not limited to exemplary 
embodiments described herein. 



Fig. 3 is a block diagram illustrating a multi-chip module 
(MCM) 300 in accordance with an embodiment of the present 
invention. MCM 300 comprises a chip package 302 having a number 
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of input/output (I/O) pins or terminals 306, and containing a 
substrate 304 upon which a system chip 308 and a memory chip 310 
are mounted. As such, MCM 3 00 may constitute a multi-chip 
semiconductor package — i.e., a semiconductor device having 
multiple chips or dies contained within a single package. 
System chip 3 08 may comprise, for example, a processor, a 
microprocessor, a microcontroller, a field programmable gate 
array, an ASIC, or any other type of chip or logic device that 
may communicate with a memory chip. Memory chip 310 may 
comprise any type of memory such as, for example, random access 
memory (RAM) devices or read only memory (ROM) devices including 
static RAM (SRAM), dynamic RAM (DRAM) , non-volatile RAM (NVRAM), 
programmable ROM (PROM) , erasable programmable ROM (EPROM) , 
electrically erasable programmable ROM (EEPROM) , and flash 
15 memory. 

System chip 308 is shown as having a number of bonding 
pads 318 and bonding wires 316 which facilitate connections to 
substrate bonding pads 312 on substrate 304 and allow 
communication of information between system chip 308 and other 

20 chips or components within or external to MCM 300. For example, 
system chip 308 communicates with memory 310 utilizing bonding 
pads 318, bonding wires 316, trace wires 314, and memory bonding 
pads 320. System chip 308 also communicates with components 
outside of MCM 300 utilizing one or more connections such as 

25 through bonding pad 318, bonding wire 316, substrate bonding 

pad 312, trace wire 328, lead wire 326, and terminal 306. Many 
other types of connections are possible between system chip 308 
and memory chip 310 and between system chip 308 and 
terminals 306, but those shown in Fig. 3 are illustrative of the 

30 basic connections. For example, the connections between memory 
chip 310 and system chip 308 may represent a common memory bus 
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utilizing a four-layer substrate, with separate power supply 
planes for each chip. 

As depicted, memory 310 comprises a number of input/output 
buffers 322 along with a test buffer 324. Input/output 
5 buffers 322 permit the reading and writing of data to memory 310 
from system chip 308. Each input/output buffer 322 can be a 
single-bit buffer -- i.e., a buffer which supports the input or 
output of only a single bit of data at a given time. Test 
buffer 324 permits the direct testing of memory 310 by 

10 separately monitoring the data being read from memory 310 and 
providing this information directly to terminal 306 through 
trace wires 328, 330 when MCM 300 is placed into a memory test 
mode (as described herein) . Test buffer 324 also can write 
information to memory 310 through input/output buffers 322, as 

15 described in further detail below. 

As shown, a designated terminal 3 06 is bonded to a 
particular bonding pad 318 of system chip 3 08 as well as to a 
particular memory bonding pad 320 utilized as the test input or 
test output pad for test buffer 324. In one embodiment, as 

2 0 shown, the memory bonding pads 32 0 that are utilized by test 
buffer 324 do not connect directly to the substrate package 
memory bus that provides communication between memory chip 310 
and system chip 308. Test buffer 324 may also be incorporated 
into one or more of the input/output buffers 322 such that one 

25 or more of the input /output buffers 322 also provides the test 
capabilities of test buffer 324 utilizing the principles of the 
present invention as described herein. For example, one 
input/output buffer 322 may incorporate test buffer 324, with an 
additional memory bonding pad 320 utilized to input or output 

30 test data to one or more selected terminals 306. 
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Due to the incorporation of test buffer 324 and its direct 
connections to one or more terminals 306 of MCM 300, memory 310 
can be thoroughly tested after it has been packaged and 
contained inside MCM 300. In particular, during normal 
5 operation, test buffer 324 is disabled (e.g., tri-stated) so 

that test buffer 324 does not interfere with the signals on one 
or more terminals 306 that are assigned to system chip 308. 
When a memory test mode is enabled, however, those same pins can 
be employed as test pins for memory 310. That is, test 
10 buffer 324 transfers information through the designated 

terminals 306. In one embodiment, MCM 300 will be placed into a 
memory test mode when a specified terminal 306 on MCM 300 is 
asserted or selected. The specified terminal 3 06 may, for 
example, be an assigned test pin (i.e., a no-connect (NC) pin 
specifically used for memory test mode entry) or an input pin by 
which MCM 3 00 can recognize a test signal once a voltage level 
outside the normal operating range is established. Memory 
chip 310 is then tested while inside MCM 300 by reassigning 
certain terminals 306 also used by system chip 308 as test 
input/output pins for memory chip 310. The reassigned pins may 
then be used to provide addresses, input controls, data 
input /output signals, and other information to properly access 
and test memory chip 310. 



Various other alternatives are possible. For example, one 
or more terminals 306 may be designated as test pins to provide 
a test signal to place memory chip 310 into a test mode and also 
to provide control and/or test data signals. Alternatively, the 
test signal to place memory chip 310 into a test mode may be 
generated directly by system chip 308 without requiring a 
designated test pin to initiate testing. Alternatively, a 
specified voltage range or sequence of voltages at a certain 
terminal 306 may initiate testing of memory chip 310. For 
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example, a voltage- level sensor may monitor one or more of 
terminals 306 designated for system chip 308 and when a 
predetermined voltage level is detected, testing of the memory 
chip 310 is initiated. Thus, one or more of the above test 
initiation triggers provides many options and test flexibility. 

As shown in Fig. 3, MCM 3 00 comprises a single memory 
chip 310 (e.g., a single DRAM) that is designed for in-package 
testing. It should be understood, however, that in other 
embodiments, multiple memory chips designed for in-package 
testing might also be employed utilizing the teachings of the 
present invention. If a single memory chip is provided, the 
test data bus and memory bus system may be optimized. For 
example, memory chip 310 may comprise a single, high- 
performance, synchronous DRAM of 512 Kb by 128 bits, with a wide 
test data bus and memory bus subsystem (used to communicate with 
system chip 308) having a width greater to or equal to 128 bits. 

Other configurations are possible with memory chip 310 
optimized to accommodate the requirements of system chip 308. 
For example, memory chip 310 may be configured as a 32, 64, 128, 
256 bit, or greater size, with a bus width that is equivalent or 
greater in size to permit high-speed transfer of data between 
memory chip 310 and system chip 308. These principles may be 
applied to embedded memory also (i.e., memory integrated with 
other logic on a single die) . Furthermore, memory chip 310 may 
be manufactured, for example, using a standard commodity memory 
process, with the incorporation of the teachings of the present 
invention, while system chip 308 may be manufactured using a 
standard logic process or other types of processes. Thus, 
MCM 300 is optimized for high performance chip-to-chip interface 
along with complete testing capability of the internal memory. 
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It should be understood that the present invention is not 
limited by the type of chip packaging and is applicable for any 
type of multi-chip semiconductor packaging. As an example, 
MCM 300 may comprise a standard ball grid array (BGA) or thin 
quad flatpack (TQFP) type of package having 144 pins or more. 
However, many other types of packaging may be used. For 
example, the chip packaging may be of various types of MCMs such 
as having a ceramic base with chips wire bonded (e.g., MCM-C) or 
employing thin film substrates (e.g., MCM-D) , mounted on a 
silicon substrate (e.g., MCM-S) , or mounted on a PCB substrate 
(e.g., MCM-L) such as a multi-chip package (MCP) . The packaging 
may further utilize various surface mount technologies such as a 
single in-line package (SIP), dual in-line package (DIP), zig- 
zag in-line package (ZIP), plastic leaded chip carrier (PLCC) , 
15 small outline package (SOP), thin SOP (TSOP) , flatpack, and quad 
flatpack (QFP) , to name but a few, and utilizing various leads 
(e.g., J-lead, gull-wing lead) or BGA type connectors. 

As shown in Fig. 3, in memory chip 310 one test buffer 324 
is provided for every eight input/output buffers 322 to provide 
an eight-to-one data compression (e.g., data multiplexing) for 
testing purposes. By employing data compression, fewer test 
buffers 324 and terminals 306 are required for testing of memory 
chip 310. For Fig. 3, if data compression was not used, eight 
or more pins would be required along with one test buffer 324 
25 for every input/output buffer 322. Thus, data compression 
provides more efficient use of external terminals 306 and 
minimizes the number of bonding pads and test buffers, along 
with associated circuitry, that is required to provide memory 
testing. Various data compression ratios may be selected, such 
as 2:1, 4:1, 8:1, 16:1, 32:1, 64:1, and 128:1. For example, for 
a 512 Kb by 128-bit memory and employing 16:1 compression, a 
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- minimum of eight test buffers and external terminal connections 
are required. 

Fig. 4 is a bldck diagram illustrating a buffer 
configuration 400 in accordance with an embodiment of the 
present invention. Buffer configuration 400 is an exemplary 
buffer configuration that can be incorporated into a memory chip 
(such as memory chip 310) which is part of a multi-chip 
semiconductor package. Buffer configuration 400 provides or 
supports memory test capability using standard memory test 
equipment while the memory chip is inside the multi-chip 
package . 

In buffer configuration 400, an eight- to-one data 
compression ratio is provided for testing of an exemplary 128 
bit memory chip. Buffer configuration 400 comprises 16 
input/output buffers 402 and 16 test buffers 324. Each 
input/output buffer 402 represents, eight single-bit input/output 
buffers. Therefore, with an 8:1 test data compression ratio, 
there is one test buffer 324 for every eight single-bit 
input/output buffers represented by input/output buffer 402. 

A number of exemplary signals and data input and/or outputs 
are shown in Fig. 4. During test conditions, a test (Test) 
signal is provided to input/output buffers 402 and test buffers 
324 to enable testing of the corresponding memory chip 
incorporating buffer configuration 400. In one embodiment, the 
test signal is used to place the memory chip into memory test 
mode. Test data input/output (TD0, TD1, TD15) signals are 

provided to respective test buffers 324. Test input data 
(TDIN0, TDIN1, TDIN15) signals are provided from 

corresponding test buffers 324 to respective input/output 
buffers 402 to communicate or convey, for example, test patterns 
designed to test the operation of the memory chip. Data read 
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(DR) signals are provided to input/output buffers 402 and 
respective test buffers 324 to communicate or convey data which 
is read from the memory chip for purposes of testing. Data 
write (DW) signals are provided from input/output buffers 402 to 
communicate or convey data which is written into the memory chip 
for the purposes of testing. 

During normal operation (i.e., non-test conditions), 
input/output buffers 402 transfer data between the system chip 

through corresponding data (DR/DW) signals. Input/output 

buffers 402 obtain data from the memory chip through data read 
(DR) signals and write to the memory chip through data write 
(DW) signals. A clock (CLK) signal may be provided, if 

required, to synchronize the various buffer and data transfer 

operations . 

Fig. 5 is an exemplary schematic diagram, in partial block 
form, for an input/output buffer 402 in accordance with an 
embodiment of the present invention. As shown, input /output 
buffer 402 comprises an output buffer 502, an input buffer 504, 
a multiplexer 506, and a buffer 508. Output buffer 502 receives 
data read (DR) signals from the corresponding memory chip and 
prepares or temporarily stores the data prior to output through 
connections at memory bonding pad 320. Various signals are 
associated with output buffer 502 including test (Test) signal, 
data read (DR) /data write (DW) signals, and clock (CLK) as 
discussed above. An output enable (OE) signal may also be 
provided for timing and initiation of data transfer. 

Data being written to input /output buffer 402 passes 
through connections at memory bonding pad 32 0 and is received by 
input buffer 504. Multiplexer 506 receives the data (D) from 
input buffer 504 and/or test input data (TDIN) signals, (as 
controlled by the test signal), and transfers the data to buffer 
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508, which may receive a clock (CLK) signal for synchronization. 
Buffer 508 then transfers to memory the data to be written via 
data write (DW) signal. 

Fig. 6 is a schematic diagram for output buffer 502 in 
5 accordance with an embodiment of the present invention. As 

shown, output buffer 502 comprises inverters 602 , 606, 608, and 
618, NAND gates 604, 610, 614, and 616, NOR gate 612, along with 
p-type and n-type transistors 620, 622, respectively. Output 
buffer 502 receives test (Test) signal, output enable (OE) 

10 signal, data read (DR) signal and its complement (DR*) signal, 
and may also receive a clock signal (not shown) for 
synchronization. Output buffer 502 functions to provide the 
data to the memory bus when a memory read operation is 
performed. When the memory chip is being tested and receives 

15 the test signal, output buffer 502 inhibits the output of the 
data (D) so as to not interfere with memory testing being 
performed. 

As an example of circuit operation, test signal is inverted 
by inverter 602 and received by NAND gate 604 along with output 

20 enable (OE) signal. If the test signal is at a "logic high" 
signal level, the memory chip is placed in memory test mode. 
NAND gate 604 outputs a "logic high" signal level, which is 
inverted by inverter 606 into a "logic low" signal level. This 
results in NAND gate 610 providing a "logic high" signal level 

25 that turns transistor 620 off. The "logic low" signal level 
from inverter 606 is inverted by inverter 608 into a "logic 
high" signal level. This results in NOR gate 612 providing a 
"logic low" signal level to transistor 622. Accordingly, 
transistor 622 switches off so that no data (D) passes through 

30 output buffer 502. 
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If the test signal is at a "logic low" signal level, the 
memory chip is in normal operation (i.e., no initiation of 
memory testing) . If output enable (OE) signal is at a "logic 
high" signal level, then NAND gate 604 supplies a "logic low" 
5 signal level, which results in NAND gate 610 receiving a "logic 
high" signal level and NOR gate 612 receiving a "logic low" 
signal level. This allows the value of the data (DR and DR*) to 
determine whether to switch on or off transistors 620 and 622, 
thus allowing them to function as an output driver circuit. 
10 Accordingly, data is permitted to be transferred through output 
buffer 502. Thus, inverters 602, 606, and 608 along with NAND 
gate 610 and NOR gate 612 implement tri-state circuitry that is 
utilized to enable or disable output buffer 502. 

NAND gates 614,. 616, which are cross-coupled together to 
15 function as latches, receive data signals DR, DR* . If DR is at 
a "logic high" signal level, NAND gate 616 provides a "logic 
low" signal level, which gets inverted by inverter 618, while 
NAND gate 614 provides a "logic high" signal level. 
Consequently, NOR gate 612 receives a "logic high" signal level, 
20 which results in transistor 622 being switched off. NAND gate 
610 receives a "logic high" signal level from inverter 606 and 
NAND gate 614, which results in transistor 62 0 being switched 
on. Thus, a "logic high" signal level is provided as an output 
data signal when DR is at a "logic high" signal level. 
25 Similarly, if DR is at a "logic low" signal level, transistor 

62 0 is switched off and transistor 622 is switched on to provide 
a "logic low" signal level as an output data signal. 

Fig. 7 is a block diagram illustrating an exemplary test 
buffer 324 in accordance with an embodiment of the present 
30 invention. Test buffer 324 may be incorporated into a memory 
chip that is incorporated into a multi -chip Semiconductor 
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package to provide memory test capability using standard memory 
test equipment. Test buffer 324 utilizes one or more bonding 
pads 320 to transfer information, via test data input/output 
(TD) signal, through external connections of multi-chip module 
300. Test data input/output (TD) signal may convey or 
communicate test data, memory addresses, control signals, and 
various other information required to test the memory chip. 
Test buffer 324 also receives test (Test) signal, which enables 
testing of the corresponding memory chip, along with the data 
read (DR) signals that are utilized during memory testing. A 
clock (CLK) signal may also be provided, if required to 
synchronize the operations or provide other clocking functions. 
Test input data (TDIN) signals are provided by the test buffer 
324 to the respective input/output buffers of the memory chip in 
order to write various test data into the memory chip to ensure 
correct operation. 

Fig. 8 is an exemplary schematic diagram for a test buffer 
324 in accordance with an embodiment of the present invention. 
Test buffer 324 comprises a number of NOR gates 810, 812, 814, 
and 816 that receive data read (DR0-DR7) signals and output the 
logical result to NAND gate 820. Similarly, NOR gates 802, 804, 
806, and 808 receive complements of the data read (DR0*-DR7*) 
signals and output the logical result to NAND gate 818. NAND 
gates 818, 820 output their result to transistors 826, 828 and 
transistors 830, 832, respectively. Transistor 826, 828 and 
transistors 83 0, 832 function as pass gates controlled by the 
complement of a data latch signal (DLAT* ) in conjunction with 
inverters 822, 824. The pass gates provide the signals output 
by NAND gates 818 and 82 0 to pairs of inverters 834, 83 6 and 
838, 840. These inverter pairs function as data latches. The 
output of the latch formed by inverters 834, 83 6 is fed to a 
NAND gate 846, while the output of the latch formed by inverters 
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838, 840 is inverted by an inverter 856 and fed to a NOR 
gate 850. The output signal of NAND gate 846 controls a p-type 
transistor 856, and the output signal of NAND gate 850 controls 
an n-type transistor 854. Transistors 852, 854 form an output 
5 driver circuit to provide the output for test data (TD) 
input/output signal . 

Input buffer 856 and inverters 858, 860 receive externally 
provided test data signals and provide this data to respective 
input /output buffers of the memory chip, as described above. A 

10 NAND gate 842, inverters 844, 848, NAND gate 846, and NOR gate 

850 implement the tri-state circuitry that is utilized to enable 
or disable test buffer 324. For example, if test signal and OE 
signal are not both at a M logic high" signal level, NAND gate 
842 provides a "logic high" signal level, which is inverted to a 

15 "logic low" signal level by inverter 844. A "logic low" signal 
level at NAND gate 846 results in a "logic high" signal level 
output, which switches transistor 852 off. Inverter 848 inverts 
the "logic low" signal level from inverter 844, which results in 
NOR gate 850 producing a "logic low" signal level that switches 

20 transistor 854 off also. Thus, test buffer 324 does not produce 
an output that would interfere with other memory functions when 
the memory chip is in normal operation. 

The following is an example of the operation of test buffer 
324 when test and output enable (OE) signals are both at a 

25 "logic high" signal level. If data read (DR) signals are all at 
a "logic low" signal level, the outputs of NAND gates 82 0, 818 
are at a "logic low" and "logic high" signal level, 
respectively. This results in NOR gate 850 and NAND • gate 846 
generating "logic high" signal levels, which switches on 

30 transistor 854 and switches off transistor 852 to output a 

"logic low" TD signal level. If data read tDR) signals are all 
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at a "logic high" signal level, the outputs of NAND gates. 820, 
818 are at a w logic high" and * logic low" signal levels, 
respectively. This results in NOR gate 850 and NAND gate 84 6 
generating "logic low" signal levels, which switches transistors 
5 852, 854 on and off, respectively, to output a "logic high" 
signal level for TD signal . 

Fig. 9 is a block diagram illustrating a multi-chip module 
(MCM) 900 in accordance with an embodiment of the present 
invention. MCM 9 00 illustrates a system and method of providing 

10 control signals to a secondary chip such as memory chip 310 that 
typically would not have direct access to external pins or 
connectors such as terminals 306. MCM 900 comprises similar 
elements as MCM 300, described in detail in reference to Fig. 3, 
and therefore the description for the common elements will not 

15 be repeated here. Furthermore, the various unique elements of 
MCM 900, which were not shown in MCM 300, may be incorporated 
into MCM 300 or work in conjunction with elements of MCM 3 00, as 
described in further detail below. 

MCM 900 comprises system chip 308 and memory chip 310. 

20 System chip 3 08 comprises an output buffer 340 that provides 
control or logic signals such as, for example, address decode 
signals. These signals may be communicated through the 
connections shown to an input buffer 352 that receives these 
signals and provides them to memory chip 310, which takes the 

25 appropriate action based on the control or logic signals. For 
example, memory chip 310 may provide data that is stored in 
certain memory locations identified by the control or logic 
signals . 

Memory chip 310 further comprises a test buffer driver 350 
30 that can receive control or logic signals through one or more 
terminals 306. Test buffer driver 350 may share these 
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terminals 306 with system chip 308 (as shown in Fig. 9) or may 
utilize certain of terminals 306 that are dedicated for test 
purposes, as similarly explained in detail above for test 
buffer 324. Test buffer driver 350 receives these control or 
5 logic signals from external test equipment through terminals 3 06 
and provides these signals to input buffer 352 of memory chip 
310. Consequently, memory chip 310 can be controlled either by 
system chip 308 or by test buffer driver 350. 

Fig. 10 is a schematic diagram for test buffer driver 350 
10 in accordance with an embodiment of the present invention. Test 
buffer driver 350 may be incorporated into test buffer 324, but 
multiplexing of signals or similar methods would be required if 
the same input /output terminals 306 are utilized for control or 
logic signals along, with data input and output signals. 
15 Alternatively, one or more separate terminals 306 may be 
assigned for control and logic signals (e.g., command and 
control type signals such as addressing information) and other 
terminals 306 for data input and output signals (e.g., test 
data) . 

20 As is illustrated in Fig. 9, the output of test buffer 

driver 350 is connected to input buffer 352 of memory chip 310, 
with this connection shared by system chip 308. In normal 
operation (i.e., non-test conditions), system chip 308 may use 
this connection to provide control signals to memory chip 310 

25 through input buffer 352. However, during memory test 

conditions, this connection is used by test buffer driver 350 to 
provide control signals to memory chip 310 through input 
buffer 352. Furthermore, input buffer 352 may be incorporated 
into input/output buffer 322 of memory chip 310. 

30 Referring to Fig. 10, test buffer driver 3 50 comprises 

resistors 1002 and 1014, inverter 1004, p-type transistors 1006 
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and 1008, and n-type transistors 1010 and 1012. Resistors 1002 
and 1014 provide input protection and isolation for test buffer 
driver 350. In operation, if Test signal is at a "logic low" 
signal level, transistors 1006 and 1012 are switched off and 
test buffer driver 350 does not provide any output or control 
signal to input buffer 352, and thus does not affect circuit 
operation of ■ memory chip 310. If Test signal is at a "logic 
high" signal level, then transistors 1006 and 1012 are switched 
on. This allows control signals (CS) to be driven by 
transistors 1008 and 1010 to input buffer 352 of memory chip 
310. An inverter may be included at the input to test buffer 
driver 350 so that when control signals are at a "logic low" or 
"logic high" level, then the output of test buffer driver 350 
are also at a "logic low" or "logic high" level, respectively. 

It should be understood that the present invention provides 
many advantages over conventional multi-chip packaged 
semiconductor devices by providing the ability to stringently 
test the secondary chip (e.g., memory chip) inside the package 
using standard integrated circuit test equipment (e.g., memory 
test equipment) . Furthermore, the ability to stringently test 
the secondary chips provides many advantages. For example, one 
or more memory chips may be provided having a wide data 
input/output configuration that is optimally tailored to the 
system data bus architecture within the package. 

It should also be understood that the present invention is 
not limited to the testing of memory chips within a multi-chip 
package. One or more exemplary embodiments described above 
utilized one or more memory chips as the exemplary secondary 
chips, but the present invention is not limited to these 
embodiments. The principles of the present invention are 
applicable to other types of secondary chips- such as co- 
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processors, analog chips, or various types of application 
specific chips or subsystems that interface through primary 
chips or fail to interface directly through external connectors 
of the multi-chip package. 

5 Furthermore, depending on the type of primary and/or 

secondary chip, one or more devices such as, for example, signal 
drivers (i.e., current or voltage signal drivers), may replace 
the data buffers and/or test buffers. For example, the primary 
chip may comprise an ASIC and the secondary chip may comprise a 

10 co-processor, with control signals and data passing between the 
interface of the primary and secondary chip through signal 
drivers that may be accompanied by or include buffers or 
registers. The signal drivers or interface may comprise, for 
example, transistor- to- transistor logic (TTL) , low-voltage TTL 

15 (LVTTL) or stub series terminated logic (SSTL) interface 
technology. 

Embodiments described above illustrate but do not limit the 
invention. It should also be understood that numerous 
modifications and variations are possible in accordance with the 
20 principles of the present invention. Accordingly, the scope of 
the invention is defined only by the following claims. 
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